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MODEL S SEAPLANE RECENTLY DELIVERED TO THE RHODE ISLAND NAVAL 
MILITIA 


^JERFECT balance and ease of control 
combined with high power and 
unusual performance make Sturtevant 
Model S Steel aeroplanes and seaplanes 
of particular utility to militia organi- 
zations, where machines suitable for 
military use must to a large extent be 
operated by comparatively inexperienced 
aviators. 


Constructors to U. S. Government 



MO. u. ». fA r. omA 



aeroplane: company 



Jamaica Plain. Boston. Mass. 
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An Announcement 

‘'MODEL C" The New M. F. P. Steel Aeroplane Convertible 
Land and Water Model 

Lightweight, substantial construction, tapered nose, torpedo shaped 
streamline fuselage — scientifically designed to give the maximum efficiency 
when equipped with the famous 6 cylinder 125 H.P. Hall-Scott Motor. 

Speed, 45 to 90 miles per hour; climb (loaded'), 3500 feet in 10 minutes; 
fuel capacity, six hours: weight of machine empty, 1620 pounds. 

In addition to the above points the new M. F. P. aeroplanes embody the 
following advantages: 

lAGHTU’EIGHT — Giving great speed range and reserve of climb. 

INTERCHANGEARl^E PARTS — Taken down and replaced by 
standard pins and bolts. 

STEEL CONSTRUCTION — No warping or twisting of framework 
— unaffected by climatic conditions — a great advantage for military and 
naval service. Can be left exposed for months at a time. 

Investigate the merits of the M. F. P. Steel Aeroplanes and be convinced 
of their superior features. 

For full particulars, prices and demonstrations, address: 
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The Aviator — The Superman of Now 

The world has its eyes on the flying man. Flying is the greatest sport 
of red-blooded, virile manhood. 

Make your vacation the greatest you ever had by joining the Wright 
Flying School. Live in the open— in the aviators' tent city. Con- 
venient hotels for the fastidious. 

A short course at the Wright camp will fit you to fly any type of machine. 
Fxpert instruction in flying, assembly, upkeep, motor-overhaul, etc. 
Dual controls. Pupil flies the first lesson. The school is located on 
Hempstead Plains — the greatest aerodrome in America. 

Send for New Booklet 


WRIGHT FLYING FIELD, Inc. 

60 Broadway, New York 
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MILITARY TRACTOR BIPLANES 


School machines equipped with duplicate (Dep) control if desired. 

We are prepared to execute orders according to specifications or furnish machines of our own 
design, already demonstrated and tried out. One or two machines usually on hand for prompt 
delivery. 


EMPIRE STATE AIRCRAFT CORPORATION 


30 East 42nd Street Telephone, Murray mu 4S2 New York City 
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The Newest Twin-Motored Tractor 



T>ie Ari.AXTir AlR''R.vrr CoiiPW’Y's TwiN**Morr>RKf> Hattlk I*Lax>. 

This ttrropinHf' in rquippffi tritU tn-n Anrnmiirint' 92 horse-po if‘nr en/jiMrn. Thi' itrrit itf tht' main jilonin iy -i-VI yqHtrrn fni-l. 
Tkr mniiiifaeiHrrr erpni-ls lu iiIIiuh Ihr nprnl nf >7 null's per hour irilli lAis wini-lirin 


Our Future Armv Reserve 



The Jlarvarri Aero Squai/, /he membem of whieh are n/<inilinff, in rnmpnsed of h’redcrir Streenn .UIr’N of Sew York, Sraneik 
Irtmar* Jr., of C*oiwljnV//7s. .Vass.. inilloiw Hartte/t Baron of Brookline. Kilmooel K. Hates of Went Mrti- 

ford. Mnhlon VhiUiftn Brt/an of Brookline, Hamilton VooUdye of Brookline, Donald Diinhar Ifarrien 
of Camitridpe. Ilairii IlHlihard Metcalf of ir«»/f«iroB/jA. Hahrrt llririnn BtHrH of Fitchhnry. 

iiii'l Joneph It. Tifcrry, 2 d, of Il'orrwlrr 
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T UKKK is purliu]is no siugW fai-tor in this plans 
for tlip futurp tievi'lopnu'iit of thi> auroiiautieal 
iiulustr.v tiiat lias so much promise as the will- 
inguess of the Icaiters in tlic profession to adopt the 
priDUiple of -staiiilardization. Kvery effort is heing 
made by the various teehiiical groups now guiding tile 
Diovemeiit to deteniiiiie also the most effieieut luuterialx 
for aircraft mid motors. 

The National .Vtivisor.v eommittee for Aeronaiitiea. 
in coiuiectimi with the Ifuii'au of Standards iiiiil tfie 
Aeronautic Kiigiiie Oivisioii of tlic Sioeipty of Automo- 
bile Eiigim-ers. have starteil the work of sliulying import- 
ant fiUKlaiiieiital problems, the ri'siitts of which ari- sure 
to be far-reaehiiig. As all of these investigations will !«■ 
aiailable to the wIioU* indnslri', everi* I'ncouragi’tuent 
klioiilil Im' given to those eoiidiicting the work. 

The valuable m-rvico alivady tendered tliroiigli tlie 
Bureau of Standards, under the direction of Dr. S. \V, 
Stratton, should la- n'luembeivd. Engineers often fail 
to realiw The vast resourcs-.s of the Huivaii. its extensive 
pqilipmein and its expert pei-soniiel. Jt.H iliveatigatioiis 
(lave eoveri'd almost the eiiliiv line of scientific and eii- 
ginwring activity. In aei-oiiyiimnicK. a report has been 
furnished on existing tjpos of aei-oplane speedometers; 
steel alloys have Iieeii investigated, and gasoline engines 
have bi'eii tested, tspisdal studies of sparking plugs and 
radiators alv anioiig the reseaiviiea now forthcoming. 
.As a clearing house for the inumifncturer and the us<-r 
of aeroplane iiceessori<*s. the Bureau liaa an unique op- 
portunity to iis-sist in standardi/ing the industry. This 
opiiurluiiity it is ivalialiig to the full. 

Anolhi'r influcnci* whieh will pi'ovc a jiowerful fois-i* 
towarii slandardixation will U' the future contract 
S|>eeificHtioiis of the govcrmiieiit. These will he based 
largely on th" results obtiiiiied in the luboi-atoriea. con- 
firmed by tests iimile in full flight. As the largest iisi'i-s 
of all types of aireraft ar. lo be the Army and Navy, 
their needs will naturally he given the greatest attention. 

Abroad, standardization has in eertaiii ivspects gone 
much fin-ther than in the I'nited States. Through 
the ueeessity of war couiiitioiis. ai'roplainis of u par- 
ticularly favorable type have hwii mniie by manu- 
faeturi'is who liave uolhiiig to do with the design. 
Similar motora hiive been turned out by faetoiies 
which were competing licfoiv the war. If this prin- 
ciple ejin be iiiaile attractive to our conatnictors 
through eonviiieiug proof of its advantages, a great 
*tep will have been taken toward making possible the 
production of aiiXTafl on the basis on which automo- 
biles aiH' so sucecssfiiUy inanutactuied. 


Physiological Examinations for Aviators 

Moiv and more the pliysical qualificatious of the 
aviator are being considered. Until recently anj' one 
who wanted to fly could learn and become a pilot with- 
out feeling in llie least the need of a phj’siological 
examination. Very little has been known as to the effect 
of flying on the body and brain. There are now. how- 
ever. certain fuiidamciital tr'sts through whieh every 
praspective aviator shonUl be put before being allowed 
to fly a valuable raacliiue and run the risk of a sudden 
j)h.\'sical overstrain wlien the iiossibility of this eould be 
jietermined easily in ailvaiiee. 

Both the Army and Navy retiuirc rigid physical ex- 
aminations. Many men who are eutiivly incapable of 
passing these tests are wasting their time and money 
learning to fl'", only to lie rejected when trained for 
tlicsii seiwiees. The widest publicity should be given to 
the qualiflcations necessary for aviators. The physical 
qualificatious laid down for aviation in the United 
States Navy, which we print on another pagi- of this 
issue. Riv of permanent interest and importance. 

Here is a field for investigation in wliich the physi- 
cian and psychologi.st can I'emier a service of tlie gtx-at- 
I'st value to the country. By eliminating the unfit be- 
foi>- they undertake their preliminary training, tliey 
will hell) the schools and the Govemiiieut as well as 
the men themselves. Already some work lias been done 
ill this direction, but only a beginning has been made. 

Technical Cooperation Desired 

Avi.vnoN -\Nii Aeriin-u'tic-Mi Esoikekrinc hopes to 
build oil a solid teeliiiical fouudatioii. It has already 
been as.siiicd of the contributions of many eminent 
uriters on acmiauties. If. however, its standaixl of 
teehiiieal ititerest and usefulness is to be maintained 
and raiseil, it must receive the ivgvdar support of all 
teehiiieal experts, experienced eoustmetors, ilesignei's 
and investigators in every branch of the industry. Con- 
trihutioiis of a teehuieal nature will receive prompt ami 
careful eonsideratioii, 

ilescriptiona of new aero]>laiies aiitl aeronautical eii- 
giiu'S which have real technical value will appear regu- 
larly. It is hoiH'd that it will be ixissible to print this 
infoniiation in a more Ihoi-ough and helpful way than 
has hitlierto la-en possible. An aeroplane and aeronau- 
tical engine information schedule is being prepai-ed 
which may assist in making these descriptions more use- 
ful and valuable. 

Photographs of pictorial or technical iiitei-est are 
espeeiaII^‘ <Ieaiix*<l. 
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The Steel Constnietioii of Aeroplanes 

By Grover C. Luening. B.Sc.. A.M.. C.E. 


The 

nt IlH'llllM’i'K r 


neroiilhueii. teele uT vvlneli 
miiy :HlvHiiln;2e« in reliability. Jiglit' 
imol Ik' uhliiiiieil in vrtMMl. Fni llu* 
I eiirl'aei*. im^tluxle of oeiii^ ele<>J Ita^ a 
mjirkalily .lueeaeHfiil. 
ii|>laiieM liae imually iiivot\«sI tlu* use 
•msl ii\ >lect till'U|£^. u'liii'li, .1m> In 
(Ua :tn>uler Klre^fia^. iiivolaeci in lai'uar aaisiplahre^, liata a|‘o*l> 
tially iH-aoiaa more nu*l taort* bulky mul i-omiUianteil. A almlv 
t>f the eouKtniHiim of lance<ai2eil aerojtlmiee at the ftreser‘l 
lima reveal# Miat tia- «ei«lil nml coal of uiaiiiifnaliiia of llieaa 
malal Hlliuit# iuia beaimia a inoaii Inracr ilaiii liinii v\u# I'lir- 
iDcrly lUe aaac. 

A de|tarlurv from tlia uemil Moiulaii (aMi"trm*tioii of aaio- 
lUaiiee Ibal ha# been n#e<l in a few inHintiac# i# ilia aiijdii-afion 
of elael lobiiitt. not <uily in Ihe braeiiia mamWr# am] elrtil#. 
Inil iilja» ill the winit #|iur# and in riie fmadaLtc comd nialioii. 
A idmly of tbi# develoiuiient Ims alimvn detiiiitcly' tlml steel 
tiibiuft coustnirlioii is heavier lliaii the cuslomary woodaii eoii- 
slraatioii for Ilie same #treni;th. In nildilion. it ha# been fontnl 
lhal tlie joiiiU are dilllanit to make in slivl liibiiiK auiislme- 
tion. requiring n inval ileal of weMintr and brnains into suit- 
able sleeves, with tlie fteiieral result llint the .joint is heavier 
noil mil ns reliable as desired bei'anse of Ilie iiidaTeniniintc 
nature of u welded or braxin] joint. 

Jl has Ihh'II clear, however, for some time lhat sliwl coiisirne- 
lion was desirable for aeroj lanes, not only in inakinu theni 
more min-haiiiraJ. more ilumble. Hrei'nmf and nion* wealhei* le- 
aislii u. bill from Ilie Ini'i tiial .-livl, as n slnietiirul nnilcriiil. 
has ill all bniiielies of eiiijiiieerint* lieen found more reliabli' 
and Ivelter aiJn|<leiI to iimmifnclnrinj; in i|iiniilily. 

The jirobleiii eotifroitlin;: tin* Stiirtevanl .Vero^ibiiie t'oni- 
|ian.v. lliereforc, u'us to n|i[d>* rbe [iriiieiples of steel cotistroe- 
lioii llial had hetin developed iiilh sneb siieccxs in #trneliirnl. 
abipbuililinir. enjeinei'ritii;. iintoniobile ninl rnnvbiue tool work. 
It W'os apparent at the outset that what bad Ina-n done in 
applyiim «(ia-l to liic consinielioii of ncro|'Ume# le'iuinsl eon 
fiideiwblc development and nuMlillealiaii in order mil In inerease 
e weiitlil of Ilie maehiiies niid to #im]ilily Ilie lllliiii; ol men. 






. pinetiee ii 

Tim I 


. data nvailidde l.i 

ublaiinsl by Ihe aiitlior in bis evperiiiienis willi i his l.vpe ol 
eoiislnielion in 1K12 ami lllld. 

Smeral kinds of nielnl vvoiLiiiit loots, ineliil I'orininu iiin- 
eiiiin>s, aiiule and ehaiinn] heiideis.. eoriiiia' brt*nks and poivei*- 
fiil pressi’s were available for lliis work nl Ibe Hyde i’ark 
idiinl .if It. F. .SliirlevnnI l*u. After experiineiilirijc wnTb 
tlie size and simurtb ol various ineniliei-s and willi dilTereiil 
I.vpes of rivelted Joints nitd jdii ismins-Ied Joints, designs were 

iiiir ol biiiin'riais ol slis-l anuhs. and stiiils of steel ebniinels. 
with n lew s|ieeinl rolbsl sis.|ioiis | eeidiarl.v well ndnpleii to 

Tile eoin|iiitiilions foe rbe sloe of all r1n*se iiieriihers were 
made followiiiir llie In-sl eiioiiieei inp ]oaeliee. on llieie lieinliiip 
morneiils. ininiienis of inerlin. relinbilily of Hxinp. ete. After 
the seelious bad Ihwii I'StablisInNi b> ealeitlnlioiis. exlinuslise 


Maie-aelmseils Institute of Teeiinolop.v. 

The vnlnos .d' strenptli# lliii# detevmiinnl elieeked remaikalily 
eUmely with Ibe <‘oin|iiiteil alrenplb of Ibe ineinbers. pivinp i 
most sirikiim illiisiiation of the neeiirne.v with wliicli sled 
iiieiulMTs eaii be ilesiuneci- 1'lie stresses tin Ibe fnselapt* iniliieed 
by Ibe air loiols. tail skid bmil# and \vlii]i of ibe tail lieiap 
iletermineil. liie I .iseiape was eoiistriieled willi suilable safdy 

have been made, il lias liiH‘n deiinmsli'iited Ibal Ixith ibi# desipa 
and eoiisl rneijon fidllll ill ver.v wa.v Ibe fiinelioiis eulled l.ir. 

Ill addilioii to Ibe eonsimelioii of Ilie I'liselnpi*# themselveii 
eiilirel.v of #1eel, Ilie eiipine bisl# of lln-si' aeixiplaiies are also 
made of steid ninl have detinilety denuinsimled a similar re. 
liiiliiiit.v* and iurrei'lness of i1i*sipii. 

il was deeided lo eiinsirael siirfaee fi-ainps of 

slniel iiin] steel, and as a fii*#! step toward.# this end Ilie lla|« 

some imdiiiiinar.v experimenlinp. a iiielbod of miisirnelin; 
these aim] l.v was dei'ised ami iijion eompletiuij it was fuiintl 
tiint Ibe-n* (hip# vvere aeinall.v lipliter. more ripid and iniieh 
more seiA'ieeidile tJiaii those onliiiariJy rinide of wood or of 
sttad Inbiiip. 

This was follow eil by niakini; iJie rinidei' and u'iiip Haps also 
of siei'l. and liilely the Sliirtevant eoiripan.v Ims exieinhsi lliia 
1.1 tlie eoiisinirlioii of Ilie wiiip ilself eiilirely of slmetiira! 
slec'l seetioiis. Tin* sleel wiiiif ixiiistrnel ion has rei*eivi*ii siwerc 
lewis and Ibonnipb ileiiioiistrAlion. 

•Vii aei'oiiiil liiivinp tJin# been piveii of the peiieral naltirs of 
Ibe dev elopiiieiil of tins new l.vpe of eonstruetioii. Ibe various 
fealiires nniv be lukeii up in preater detail. To simplify the 
eoiisidemlhni of tliis mailer os imieli ns passible, two inslanrea 


F'uselage Constnietiori 

Tlie ftamew'ork of (be fuseinpe of Slnrlevaiil Model A 
Trai'tor batllepliiiie iielimll.v we pbs Ifi.'i ponrids. iiieltisive of 
enaiiie bed, wideb is enlirety of sleel and pm eomieeieit In the 
niiiiii IViime. and also inclusive of all llie bvaeiiip in Ilie fiisel- 

aiv the whip of the lail on laiidiiip. Ihe piisiiive and iiepalive 
air load# and Ihe Iiiil-skid load. 

Il is eiisloinarv in desipninp to eoinpiile (be value nj all 
liaise load# iiinl lo dis.ipii ibe fiiiiini Ui witJnvIuod linmt all with 
a fnelur of safety ..f at leasl H in tin* ease of the air liHnls, 
and in llie ejisi' of Ibe tail-skid loud willi a fiielor of safely of 

slrouv emniuli tor llie tail-skid load, as Ibe eomliliim iiinler 
wbieli Ibe iiaisimnin load is iiii)ne##l is when the maebiiie 1# 
-lowiiip down on Ininlinp wllii Ibe iriolor sio]>]ied il Inniip 
obvious ibni. due In its lieipbl. any ibriisl on (be propeller 
trreall.v rednees ibis load. 

The Inil-skiil load of ibis iimebine lies between AVI and Ji"l 
liiiiinds. due In the pusilioii of Ibe lamliiip pear wheels at Ihe 
from, ami varies with tlie loail curried on lln- ninebine. Hn 
Ibe siindb'r sixed nernplamsi lid# load is iisiiall.v beUvei'n .'ib 
and ].~>n pounds, so (bat it r# npparvni liial tin? fimeliun of 
llie Ind-skid and llie #lmiplh i'<#rnirt*d of llie fiiseinpe have 
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become very miicli prenler in tin# Ini'per i.vjie of aeroplane. 
Tills load, a# a mailer of fuel, Ims become Ibe piiveriiinp fea- 
ture ill llic sireiiplli of tlie fnseinpe and imlnee# siivsscs far 
prea'ci- limn the air load#. 

Frnrn tlieio'ciienl consideraliiiiis nod jiraetieal experienee of 
sneb i-onslmclitiii. llic dosipn of a vvomlen fosclaite. W'itli metal 
Hlliaps, iisinp aab in order to obtain the nspiired tension 
strenplli, iiii aeniplanes approaeiiinp tlii# sixe. indicates n 
weipht of over 200 jiounds, of wliii-li Ibe Hllinps and wire# 
alone w'ould weipii aiiont 00 piinnds. 

Tile aeeoiii]ianyinp pholopraplis indieale tile inaniier in 
wliieli the lonperuns of the fuseliipo and ibe cimiioel seetioiis. 
sinil# and cross braces are fnsteiuH] to eaeli oilier diretal.v. 
wilhoul Hie atldilion of anylliinp at all in Ibe way of extra 
fittinps, Hie members beinp plain'd simjily one on lop of Hie 
olher and rivelled willi the reipiired immber of rivets lo de- 
velop Hie slix'iipHi nspiieed of the member. This feulorc alone 
lias ill till# fnselape saved in one stroke abnni (iO poiuids in 
weiplil. In addition, the time reipiired for ilie manufiici lu-c 
and asseinlilinp of metal fillinpn ordinarily necessary at each 
Joint is entirt'Iy eliminnleti, and it is possible to nssi'mlde Hie 

II is, of 4'oiii‘si'. inosi reasormlile lo sufqiosr' tlinl lliis sleel 
consinielioii a# il develop# will involve many iiiiiior clianues 
in Hie niptliod of fnaleninp and details. 

III Ibe Model A Traelor. taken as an example. Hie entire 
fiiselape of wliieli is <-on#tnictiKl in Ibis numiier. iu-iiinl Hying 
and lamliiip lest# have been isnidoeled frei|iu-iiHy since Hie fli'St 


week in Deeeinber. 111].'). Severe Iniidinp ami Inxi-ing over 
rmipli pronnd Iiave denioiisl rated Hie reliability ami eorreetnese 
of this construction, wliieli iiaa withstood all proper streanea in- 
duced in it without Hie least sipn of being in an.v way inade- 
<(iiute. Il is iimiiitnincsl tliat line in itself is a reniarkahle in- 
dication of the value of this coiistruetion in that Hie desipii of 
franic baa requireil no alteration and actuali.v has revealed not 
Ibe slipliteat sign of weakness tinder severe tests. 

The proeess of lunnntaelurc of tliese parts is exceedingly 
simple, in that Hie cold rolled steel delivered by Ibe tniUa in 
the exact vvidllis necessary for Tlie dilTerent members is re- 
la-ivtal at the fnetoiy marked and cut to the length# of the 
inembei'#. These are lightened in a few minutes b.v liaviiip the 
lipbleiiiiip hnles jiiiiicheil out in a pang punch. The menibers 
arc then lieut up or pressetl in a die to the angle or eliannel 
shape desired, the member then taking its eorapleted form and 
is ready for altnelimeiil to neighboring members without tlie 
necessity of an.v extra litting having to be made. 

In tlie future it nm.v' be possible to pnrc'lmse eliaimels and 
angles of the sizes rei)iiired from steel raujinfuctnrers. or. as 
planned by this eompaiiy for c|uanlily prodtielion of aero- 
planes. il would be necessary nierel.v to have them made in the 
large metal forming presses, w-ith dies for blanking out and 
pressing up tlie membci's in one operalion. 

It is rlear. therefore, tliat for quantity production where a 
die would be used the manufaetnre of a meniber of the fusel- 
age, witli all its liglilening holes and rivet boles complete in 
itself and with no extra Httings revpiired. could be made in a 
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fpw srrontiK pnxlucinf; a sreflt aaviiij; of holli (iiiie nn<l expon^r. 

Wlien thi? ix i*omjiari*il to tlie former proress of. first, 
s<kwin(r up (Ik lumber, then rutting it to sixr, then trimming it, 
then finisliing it, and after that iKing t'ompellecl tu make an 
additional fitting, exprnaire. rumplirnted ami heavy, to fasten 
the member to its neighbor, it heromea ajipnreut that the 
Rianufaetiintig advantages of using this pressed steel ron- 
stnietion is aetually of the very greatest fundainenlal im- 
portanre to the industry, exaetly as it has proven to be in 
almost e\-er>- other industry. 


AugUM IS. I»I« 

presseil out in great >|iimilities by suitable dies and fasteoed 
to stnietural steel spars. 

Surface eonstruetion of this kind aetually shows that it list 
weight of leas than one-half pound per Mtuare foot. This i| 
very tnuch leas iliaii is obtainable willi the ordinary wo«kI type 
of ronatnirtiiMi for the same alrength. and. in additiDo 
thereto, the steel roiistriirtion gives an excellent rigidity and 
mrehaiiical appearaiiee to the surface which is most pleasing. 

Tills method of aeroplane siirfaee eonstruetion haa also been 
demonslraliHl stniclitrally and from n fiying standpoint on tbe 



KlO. 2. Stf.EI, CoSSTRUCTtOS IS WlSO AlfO EUSVATOB SVRFACBa 


The disadvantage uC steel eonstruetion, often eitol. of 
erystallixalion, etc., is met by using special pin eonneelcd 
joints with shock absorbing washers to take u)i the vibration 
of the engine bed. and by using a vanadium steel, which is con- 
sidered proof against crystallization. 

In ronaidering this it mnel be home in mind that the metal 
fittings on w'ooden fuselages are also subject to cryatallizalion 
and (he absorption of ribrations by the wood is not any more 
advantageous Ilian tbe absorption of vibrations by proper pin 
ennnected joints in the correct steel design. 

Rudder and Elevator Construction 
Another instance of the use of steel construction is in the 
framework of the surfaces Ibemselves aa iiseil and deuion- 
atrated in the aeroplanes above referred to. the rudders, ele- 
vator surface and aileron surface!! of wliieb are constructed of 
steel frames covered with linen. 

Tbe stresses on inemberw of tliia kind arc not clearly defin- 
able and the suitability of this eonstruetion has re<jiiireil con- 
siderable exj-erimentiiig. Tliia. however, lias finally resulted 
in the adoption of the ly]>e of construction here illustrated. 
Briefly described, this eonstruetion coiisUce in fonuing the ribs 
of a steel channel section with flanged lightening holes rcadily 


Sluncvniil aeroplanes, anil n great deal of the Hying exccUence 
of these niaehinis! may be attributed to the stieiigth, rigidity 
nml geiiei-al nieehanicnl ex!-cllence of the !‘Oiitrol surfaces ob- 
laimsl liy this new type of steel construction. 

M'ing Construction 

The success ami t*ase uf niBnufaeture of this steel construr- 
lion uf rudder and Hap surfaces has led to ttie investigation 
of llic possibility of constnicliiig the aeroplane wings by a 
similar system. Kxjieriments were, therefore, eoiidueled oo 
various methods aud sizes of ribs, and finally an entire wlag 
section of this construction ivius made and covered. This sec- 
tion was fixed on a span of b feet and tested in the presence 
of several wilnea.ses, with sand bag loaiUng, in order to deter 
min the suitability of the ribs and spar construction to witb- 
Kland the air lua>ls. The frame was actually made of exactly 
the same weight as a wooden wing to withstand the same load, 
or hot) |<ouods dUlribiited on the 00 square feet of wing sec- 
tion, the frame being designed to have a safety factor of 8. 

Numerous sand haga were ilisiribnted on the wing aecordiag 
to the usual niclhod uf testing. On (up of this were super- 
imposed a great number of very heavy lumber boanls. aad 
finally, iit t»r<ler to obtain a breaking load, it was necessary for 


tbree of the witnesses present to stand on tup of this load. 

(Vheii there had heeii im|ioscil a total of 2350 pounds, the 
Kings slowly begun to fail by the bending of both of the s|iars 
cuctly at Ihe point at whi<-h the hending moment diagram in- 
dicated the least strength factor. The breaking loa<l of 2330 
pounds, wliere the wing section was designol to carry hOO 
pounds, iiidicaled a safety factor of over 8. This entire test 
is in itself an lumaimlly clear instance of the acciimcv with 
vbieli sled i-unstrucliun may he designed. 

Suinniarv 

The fiiseinge I'onstriictioii and the surface construction for 
rudders, elevators, etc., have proven to he highly satisfactory 
aod have been adopteil as standarvl after very cureful study by 
tbe Sturlcvonl coinjiaiiy. 

Tlie case with which rivellcd or jiinneil .joints can be made 


between angles and channels and the excellent fit of the difTer- 
eiit ineinbera to each other witlmut any extra fittings ia uothing 
short of a revelation in aeroplane eonstnielion. Military 
aeroplanes that can be left out of doors and naval aeroplanes 
that can ship big seas without ‘'spoiling” can be atlnine<l by 
Ihe use of this new type of steel eonstruetion. 

While a difficulty is foreseen in adapting wood to the con- 
struction uf huge aeroplanes of the battleplane class, with steel 
it is readily possible and even advantageous tu gi'ow to larger 
slzes. Though small in size at present, the cbaimels. angles 
and I-beams with rivotted joints have thus been iniroduceil 
into the aeroplune structure and pin connected joints, gusset 
jdates and the ligiitening of webs and flanges used in the most 
ajiprovcd maner have enabled the aeroplane fuselages, wing 
fnxmes, etc., to lie built like miniature bridges, a resemblance 
llmt is as pleasing as it U striking. 


General Specilicatioiis for Aeronautic Instruments 

" tlem rat Specijifatiiair CiivrriHij Aernaautic /iistrii»jc!!/s ” 

>. thr litit tif He/iort -Vo. 8 that hag jital bren isaued by the 
XaHi>ual .IrtV!>or// fumnii/te'' for .IrrooaHtica, by whoae re~ 
i/ii> it is r!*pri!!i!'ii hrre; 


For llic iiifoi'iuHihm of (Iksw viniccviicd with the uiw of ]irn- 
doetlim <tf instruments usetl iu the navigation and opcnitioii 
of aircrall. Ihe following general list and apecificatioiis have 
been prepaie<! with a view to imlicntiiig the lines on which 
development is ropiiivd. anil Ihe i-cst rict ions and dilTiciilties 
Ic be ovcri'iuue in the desigii and construction of uerunmitical 
instruments : 

All indicating' instruments nsiuired in the navigation of aic- 
rrat't shouM he us compact, nigged, nml light us is ciinsi.steiii 
«ith iii'ciiracy. reliability and durability, and with ease of 
mding, Such instniments must he free from tiie influence 
of (lie following disturbing cfTisds, exiepting, of course, those 
effects !ni which llicy dcpenil for tlieir operation, viz. v ihrii- 
litsi, change of altitude and ciiangc of Icnipcmturc. 

Baroiioier or .lllimilir . — Haroniclers or nlliiiietcrs miial 
be sensitive atol of o]u*u sente, uiiil the lag in (heir opera- 
atton should be the absolute minininm obtainable. When 
operating in ji fog it is ess4-ntinl that the distunve above tbe 
surface siiotihl Ih* known vrithiii very chise limits. Such in- 
struments. of cinirsi*, ttre ticpemlent on haromelric pressure 
anil on variations iif bartuiictric pressure from tiie tiuie ot 
■lie start uf a flight iiiiiil the emnpletiim of a flight, which 
oiuuot be provided for. Inil asitle from Ibis error llieir indicu- 
tiixis shuiilal lie sulistautially uci'uralc ouce tliey are adjusted 
at the point oi <leparture. It is, therefore, iiertnasary Hint the 
wale should be uf etiual ilivisions, os otherwise n change of 
aero to meet cluiiige of barometric height will introduce an 
error. Their Iwitlion on the aeroplane must be carefully 
tbosen s<i that their iudiimtions u'ill nut he influenced hy tiie 
velocity pressures in lliglit, 

Comjmar.- t'oiupusscs sluniUI have as high a dinx-tive force 
as is consiatent w'itii restricted dimensions. Provision should 
also be iua«le iu the compass mounting for compensation for 
the preseiiiv of magnetic material in the construction of the 
aeroplane, particularly compensation for heeling and dijrping 
errors, lu ortler that the directive force shall uot be abnormally 
reduced by such compensation, it is. of course, desirable that 
the structure should avoitl the use of mngnetic materials in 


moving |mrts near the cuinjiuss location, such as the control 
cohimiis. shafts, and leads. 

.hr .•''|■eell .1/rfcr. — An air speeii meter should indicate reli- 
ably the speetl through the air, and should be free from the 
cITects of accelerations, as when the machine is banking 
strongly in a turn tbe effect of gravitation is aiiginentetl bv the 
presence of the centrifugal force. As the sustaining power of 
au acrojilane is ileiicndent upon the density of the atmosphere, 
it is ciinsidered that air speed meters which are dejiendent on 
the pressure due to velocity will be a safer form of iiiilicator 
limn u true uneinometer type. 

It is es.semiat that the indieators shall be partieularlv sensi- 
tive and have an open wale reading at velocities opproaeliiiig 
a stalling speed, which is the lower limit of safe filing speed. 
It is also necessary tliat they should iudieale liigli speeds nccu- 
rnlely. in order tlmt cxi'essive speed may be avoided when gli- 
<ling. Excessive speed in gliding involves danger wiien a ma- 
chine is brought up too sliarply, us the combination of high 
spcetl ami the maximum lift factor may readily stress the raa- 
cliiiie tieyoud safe limits. Also, when ll.ving at high speed tlie 
angles uf attack are small, and (here is danger of the aeroplane 
entering a critical condition in wdiich the How* of air mav de- 
\ elop railieal changes of state, and conseqneiitly great changes 
in the lifting power available. Air speed meters slumlil be 
i-upahlc of calibration immediately prior to a tliglit. Air speetl 
meters of the Pitot type dependent on a fluid are subject to 
gi-avitntioiial errors wheu banking. They are also subject to 
ei-ror due tu heeling or diving. Unless the leaiis from the Pitot 
Ciihe to the indicating instruments are sufficiently large, there 
is also ilanger uE a serious lag in indications. 

I Hrtinomriar . — Inclinoiuelem of the pendulum or sjiiidt- 
Icvel type arc inaccurate in the presence of aci-eleratious aud 
arc only useful as a general cheek as to ttie attitude of tho ma- 
chine when Hying in a fug. It is very desirable that an indi- 
cator free from these defects sliould be developed. A gyro- 
scopic base line ifl considered desirable not only for purposes 
uf indicating inolinatiun but as affording a base line for sight- 
ing uuil for the use of iustraments of navigation. 
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DriH UrUr. — Drift nielrrs nre of two tyiies — one 
for the |»iir[»u»<e of iiidicalui^ leeway over tlie suttface for um* 
ill iHimieetiuii with navigation, nml tlie other more properly 
teniied “side slip indicator" for the purpose of indicating 
w'tietlier or not the machine is Hying mnare to the wind. The 
latter designation is considered iireferuble for indiciitiiig the 
alliliide of the machine. For navigating oier the groiiml the 
course is readily determined by ascertaining the apimveul uio. 
tioD of objects <>o the surface, and the same melhwl is available 
fur navigatiou over tlie water, provided there is a defloite ob- 
ject on which to sight. One type of drift meter indicates by 
the streaking of waves across the objective glass of the instni- 
meiil ss apparent drift, but as tlie particles of the weaves them- 
selves which indicate tills streaking have a velocity of their 
own. such indications arc subject to error. If tlie surface wind 
direction or velocity were known, correction might be made, 
but w'hen Hying at an altitude of several thousand feet it is 
very likely that tbe aeroplane itself may be in an entirely dif- 
ferent current of air than that present at the surface. In addi- 
tion to this, tidal currents may also affect the velocity of the 
water particles. Two forms of aide slip indicators exist, the 
simplest form being that of the well-known string or pennant, 
but the latter cannot be used satisfaetorily in the wake of s 
tractor propeller. Tbe other type consists of a very sensitive 
pendulum wliich indicates whether or not lateral accelerations 
are present, as will be tbe case for a machine which is not prop- 
erly balam-ed laterally, bat such an instrument is subjei-l to 
tbe defect that if the machine is aide slipping laterally nt a 
constant Sliced, lateral acceleration is no longer present, ll can 
only be depended on to indicate initial disturbances. 

Tackontttr . — Tachometers should be absolute in their indi- 
cations. and if electrical should not be subject to distnrbance- 
in the conductivit]' of circuits from any cause, or to deteriora- 
tion of magnetism of a iiermaneut magnet. 

Oil Gauge. — Oil gauges must deHnitely indicate the amount 
of oil present in the crank case. 

OU-Preeaure Gauge. — Oil-pressure gauges must accurately 
indicate the pressure in the oil system and should also indii-alc 
that the flow of oil is undisturbed. 

Gasoline Gauge. — Gasoline gauges should indicate lUc 
amount of gasoline si-ailable in the main tanks, and shniild 
not depend on the visibility of gasoline in a glass tube. os. due 
to tbe transparency of gasoline, a full tank and an empty lank 
would give tbe same indicatiiius. Mechanical indicators arc 
considered preferable. 

GaaoUne-t'Uiu: Indicator. — Gasoline-flow indicators sliuiihl 
depend on meclianical means of indicating that tbe gasoline is 
being supplied from tlie main tanks to tbe sen icc tanks. 

Distance Indicator. — For navigation si sea or over unknown 
country, it is desirable that a record of distam-e flown through 
the air sliould be available. If it were not for the fac. that 
tbe slip of the propeller dcpenils lanrely on tlie load of the 
macJiine, and whether or not the niacliiiie is climbing or gli- 
ding. an engine counter would serve this purpose, but it is cnii- 
sidered preferable to liave a counter or reconler aetuatei! by 
an anemometer for this purfiose. In either case, actual dis- 
tance over tlie surface will require correction fur the wind 
velocity and direction. 

Barograph. — Barograplis ore subject to the same general 
specifications as altimeters. 

.ingle of Aitaek Indiralur.- An angle of attack indicator 
should be dead beet, free from tbe effects of gravitation, and 
aecnralely respond to and uidieale any change of the direction 
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of flow of uir til tlie supporting surfaces. It should he light 
ru^nreil. anil its indication should be clearly legible to the pilot, 
it should be designed for attaeliment in adiance of the winp 
on a tniL'tor hi|ilaiic and clear of the influence of the )>ropelln 
or tlic fuselage. 

Itadiiilor Temperal ure hiilicfilur. — A radiutm- 1em|icratare 
indicator slinald lie readily inserted in the top of the 1‘adisiar 
and sliouUl clearly imlieate the best operating tcmjicraturM. 
The tlieruiometcr should conform to best tiructii'c. sinl the tn- 
tire instniincnt be siifllcientl.v ruggeil to wilbstHiid iH-usuiisble 
vibration and shock. 

Oiisoline Feed Sgsiem Pressure Indivator. — AVhei*e the gSMi- 
line feed is not gravitational, the indications of the pressan 
aiailnble must be aecarate. The gasoline feed s.vstcni in-essare 
indicator must not be affected by vibration or cliaugc of tCQ. 
jicrntiire. It must have a good bcale and a dead-beat action. 

^eartant.^Sexlants should be as light nnd suiall as possible 
commensurate w-ith projicr accuracy. A sextant for measuriiig 
the altitude of a beai'enly boily above a hurizoiilal plane with, 
out the use of the sea honxoii or an artifleial liorison would be 
most desirable. 

Aeroplane Director.^ — An aeroplane director for the uiechsii. 
leal solution of the couiae and distance made good, bai-ed tia 
ths coiirae and speed of the aero|i1aiie nnd the force and direc- 
tion of the wind, is a desirable dci elopraeiit. 


The I'esting of Buroiiiclers 

In l*imi1ar Xo. db. recently issued by the Hui'can of Klaud- 
ards, much useful getieml iiifomiation is given on mercurial 
liargmeters. primary standard high altitude and common, and 
on aneroid barometers. Tbe tirecaiitions neccssaiy in the use 
of barometers are clossifleil and briefly disi*usi-ed with refer- 
ence to nature of the measureiiieiitK in question, the possible 
defei’ts in the barometer, the unavoidable sources of error in 
the instrumeni, nnd in the corrections which tbeorctieallj 
should bu a|iplicd ei'cn thoiigb the instrument be niH-baiiicsUy 

A very clear distinction is made between baroriietcrs which 
nre used for absolute mensiiremeDts in wbii'li sensitiveness of 
the indicalioiis is of very small morneiit compared with freedom 
from elastic lag, and iiistninieiits such ns the avialni's' baro- 
grapb, in which indications should not de|K'iid on the sjieed 
at which jiressure is cliniiged. Barogniphs failitig to sutisfr 
this roudition are apparently not likely to receive the hiiresah 
iiertifleate. 

To those inierestei) in barometric iiistruiiicaits the ciniular 
provides also a useful guide to the making of inquiries, and 
gii'es infurmritioii as to piirel.v iiomiiial fees which ure eliarged 

Aeronautic Courses at the Cnivrrsitv nf ]lliiioin 

With the commencement of the nntnnm session, euui'ses in 
nerousuties will be given at tbe Collegi- of Meeliunicnl Fngi- 
iieeriiig. University of Jllinois. E. N. Fales. n giadiiale of the 
^Inssaclniselts Institute of Teehiiulogy', lias been appointed as- 
sistant professoi-. The courses, wliieh will be of a general 
niilore, will be I'estricted to senior students of the m<s-hanirsl 
eiigiueeriiig class, 

.Mr. Fales e.xt>erlmented in the first wind tiiiiiiel at tlie 
M. i. T., has kept iu touch with all aspects of uaronuutics. 
and is novr leaving the engineering departmetit of the t'artiss 
i'onipaiiy, w-Iiere among otlier duties he has been in charge of 
tlie students' department. 
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Elements of Aerodynamical Theory 


L-iqpiU, PLVIP, svu iiKEFEiT gavip 

Both liquids and fluids may be defined as substances which 
flow or are capable of flowing. A liipiid is iiicutnprcssible and 
therefore of constant density, a fluid is compressible and of 
varying density. Thus water is eommunl.v spoken of as a 
liquid, air as a fluid, yet tlie hani and fast ilistiaetioii is un- 
fair, since water itself is slightly compressible. 

In the traDsportatioii speeds employed in aeronautics, the 
varisliuns in pressure of the air, and the cuiisequent varia- 
tions ill ileiisity are so slight, that the air may also be regarded 
as iocnmpressible. Tims for u dirigible at a speed of ItHI 
miles per hour the increase in pressure at the nose is only 
about one per cent. It is only at the tips of fast moving 
propeller blades that the compressihilify of air assniues any 
importniii'c. 

Tlie mutiou of fluids is so complex that no complete mathe- 
matical theory has yet been evolvetl for it. In hydrodynamics 
tbe matlienuiticiaiis have stipulated a perfect fluid possesiiig 
00 viscosity. In such a fluid all bwlies may move without 
oieoauteriiig resistance, Although the conception of a )>erfcct 
fluid ma.v s«H>m of no practical importance, yet hydrodyiiamical 
theory seri'cs as a guide in tbe theory of aeronautics ami we 
shall have to make nccasiuiial reference to this idea. 


DEb'SlTy OF AIR 

le mating forth data from the labomtorics the air will be 
assumed us lisviug a temperature of 15^ luid a densil.v of 
.07608 lbs. per eubic foot at sea level. 


VARtATlOK OF PEKSITV OF AIR WITK HEUtllT 


Height (ft.) 
0 
500 
1.000 
2.000 
5.000 
10.000 
20.000 


Density (lba.percu.fi.) 
.0781 
.0748 
.0734 
.0707 

.0523 


FHlKriPl.E OF RELATIVE MOTIOS 

We shall assume throughout without further refer^cc that 
the same resistances will be brought into action whether a body 
18 mfiving through a fluid or a fluid is streaming [mat a body, 
provided the relative motion is the same. 

This is an idea which often presents difliculties and is very 
difficult of Ilieoretieal demonstration, yet it is merely a matter 
of eotmuoti sense. In La Technique Aeronautique of May 
15th, 1013, M. Leeoniu Has given a very sound discussion of 
UuB point. We will venture a rough illustration. Imagine a 
boat proiielled tlirough a river at rest at a speed of 5 miles per 
hour. The iiars will exert a certain force of propulsion. Now 
if the river lias a contrary current of 6 miles an hour, the boat 


n-ill remain at rest relative to the banka, yet exactly the same 
force will be exercised by tbe oarenmii. There is really nothing 
more to be grasped underlying tbe principle of relative motion. 


Bernouilli'a Theorem for Fluid Motion 
In the steady flow of a fluid tbe current at any point is 
always in tlie same tlireetion and magnitude and may lie rep- 
resented by a series of stresiu lines, or by tubes of flow. 

Tlie energy of a fluid consists of three parts: (1) The po- 
teiilinl energy, or the energy due to its position of height 
tlirough which it may fall, (2) The pressure energy, (3) The 
kinetie energy due to its motion, neglecting the effects of vis- 
cosity or friction. Bentouilli's theorem states that along any 
stream line, the sum of these energies is a constant, and if 
g = acceleration due to gravity 
h = height 


p — Jiressure 




V’ 

2g 


constant 


In considering air flow in aeronautics where w 
a fluid ocean of immense depth, the variations it 
negligible, and the llieorcm becomes: — 


eoiistant 


! deal with 


The theorem is of fiiiidumeiital importance in aeronautics; 
its jiroof will be fouml in any Ic.xt-buok on hydrostatics. 

This equation may also be written in the following useful 
I'orm, by multiplying both sides of the equation by p: 

. f 

P~\~ =5s constant 

Total Energy of a Fluitl Applied to the Theory of the 
Pitot Tube 


The Pilot Tulle, so frequently employed in Aeronautics to 
measure the spee<] of a machine in actual flight, furnishes an 
excellent illustrnlioii of the principles just set forth. In Fig. 
1 is given a diagram of such a tube. 

Its main function is to measure the velocity of flow for a 
steady irrotatimiaJ flow of air. nnd it is unsuitable for meas- 
uring the velocity of turiiuleut How, such os that occurring in 
the vicinity of a fan to give an example. 

In practice the Pitot tube is flnely rounded so as to give 
the least possible disturbance to the air flow. It consists of 
two concentric tubes. The inner one is open to the wind, the 
outer tube is closol to tlic wind and is connected to the Inner 
tube by a series of fine holes. The tubes are connected to 
the two arms of a pressure gauge as sluiwn in the figure, and 
the gauge measures the differeuce in pressure between them. 

The inner tube, open to the wind, brings the air impinging 


h siandard usasc. 
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rangetl iu uu arbitrary cuauner. 

7. The tube shooiU be poioled into the wind, but an error 
of two (lettreea in ali^rniueiit will rauae leae tiien 1 ]>er rent 
error on velocity meaauremeJits. 

Definition of Angle of Inriclrnce. Resulinnt Preesnre, 
Lift, Drag anil Center of Pressure in a Plane or 
Cambere«l Wing Section 

Whether for a plane or a curved wiutr seclioii, the angle 
of incidence ia dellned as the angle t expressed in ilegrees, be- 



SVBFAI E. 

The lit't iiieosnres the sustoiiiing power, the drag the le- 
sistance to furwaril inution. The tangent of the angle hetWMil 
the H and I> gives the ratio L/l), lift over drag. The grtaW 
the valne of U li the greater is tlia jiath elthdeiicy of llie sup 
porting surface. 

The center of jircssure mil be arbitrarily defined as tbe 
point of ui>idi<-atiou of the resnilant force li on the jduae of 
the wing choril. This is by no nteans a rigiti tictiiiilion. 

Definition of Lift and Drag CoefitcienCa 

We shall employ throughout the following notation ; 

Lift = L = K,AV’. Kesiatance or Drag = O = K,.tr’. 

Where L nml !> are in pounds, .1 s area in wfuarc feet tA 
one surface projected on the line of chord, nixl I' ■= velocity 
ill feet per second. K, and K, will represent forces tor unit 
unit velocity, Wc shall see later the jnstilicaluo 
these exjiressions. 


Podtioii of Center of Pressure or Reetiltuiit Vector of 

It lias become customary in Aerodynamics to speak ot 
Centers of Pressm-e, and it is very often eonvenient to em- 
^r this term. Hut it would he much better to speak of the 
poeilion ol the resultant vector of forces, a vector being a 
^ representing a force in magnitude and direction. Pur a 
lit plate or a cambered wing section, the term center of 
picsaurc might uiiswer fairly well, but for a combination of 



ring surfacis., ns in a biplane, or for any kind of aeroplane, 
it is very unsaiisfaelory. Thus as in Fig. 5 for certain angles 
tbs resultant force passes right outside the wing surface, ami 
to speak of a eciiler <if pressure iu such a case is ineaiiingless. 

It is also often stated that the stahility of a wing depends 
» the motion of liio center of pressnve with reference to 
the center of gravity. The iiunuciit atimit the ceulcr of grav- 
ity ran be more correctly slateii as depending on llie position 
lud direction of llie resnUaiit vector of forces. If current 
praclicG Icmls ns to speak of center of pressure, the reader 
will alwnys hear these considerations iu mind. 

Forces on a Flat Plate Immersed in a Fluid and Normal 
to the Direction of Motion 

Sewtun first considered the case of a tint plate moving nor- 
BsUy to its directiou of motioi). He stipulated a medium 
roBposed of an infliiite mimher of small particles, having no 
Bcasible imigiiitudc but poSBensing mass, and not intercon- 
awird in anv way. A ]date of area .1. moA-iiig with a velocity 



Fig. 6. Motion Near a Fiat Plate Normal to the 


r in a medium of density f would meet a quantity of Quid 
p.ir and impart to this quantity a velocity 1‘ per unit of 

From the fundamental eiguation to meebanics: 

(mass acted upon) X (velocitv imparted) 

Tllil 

we should derive Hie ei|untiuu: 

(MH 

y ff 

Similar reasoning from the Principle of Relative Motion 
wuuld apply were tlic plate held at rest, and tbe fluid im- 
pingiiig on it. The fori'e as derived from actual experiment 
is considerably less titan this. 

Hut Newton’s theorem is obviously incorrect, no account be- 
ing token of tlie action at the back of the plate, or of the com- 
gdicated interaction between the gtarticles, or of the formation 
Ilf eildies and whirls. The photograph in Fig. 6 gies an idea 
of the complicated actions which take gilace. These are repre- 
sented dingiamatically in Figs. 7 and 8. 

From a consideration of Bemouilli’s Theorem it will be 
seen tliat the giressure in front of tbe plate will become greater 
than the statical pressure of the stream. At tbe back of the 
gilate, owing to tlie considerable velocity of tbe eddies or 
whirls, w'e can say again from a consideration of Heruoniili's 
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DiAoiiAiia Illvstkatino Flcid ilOTiox and Pressdbe Dis- 
THiBL-TioN ON Plates Normal TO the Stream 

equations — that tlie pressure will be less tiian the statical 
giressure. It is to the difference in pressures front and buck 
of the gilale that the resistance is due. Fig. 8 represents 
roughly the distribution of pressure on either side of the 

Newton was correct, however, in so far as the resultant force 
ot a gdate normal to the wind is giroportional to the velocity 
si|tiarcd. tlie area, and the density: and if R denotes the re- 
Kiiltnul force wc can write: 

R = R.in 

where K is an experimental coefTictent. 

We shall show later tliat a similar law holds for all cusea 
of bodies producing turbulesit Bow, and discuss fully the re- 
sistances due to such flow. 

Forces on Flat Plates Inclined to the Wind 

Figs H. and 10 represent diagrammatically the fluid section 
in the ca-«e of an inclined gdate. and the distribution of pres- 
sure, which are further illustrated by the gihotograph (after 
Riaboacliinsky) iu Fig. 11. 

Just as iu the ease of the plate normal to the wind, the re- 
sultant force will be determined by the difference in presanres 
at the fiont and back of the plate, and life and drag will vary 
ns AI'“. ns in tlie case of all bodies producing turbulent flow, 
with a different coelUeient for each angle of incidence. 
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Tlie mitiiuimu nvultmii tun'c' of n |>lnlt‘ u>'<-iu« nhcn it is in 
tile line of tlie wiinl. As llie aiitilt- ut' inriilem-e iiinenses xi 
does th« pressure, until a rritieal iiiiRle ul' snine 4i> deirroes is 
reselieil- Al'ter tliis tvMiIl.tnl ftiree slowly diniiiiislios to the 
value in iiunual iireeeQlalion. 

At small BDeles tl>e renter of pressure is near iLe mid puai- 
tion. and Kradiially move* forward as tlie aiiple of ineideiice 



Distribition os IsrusEti 1 ’i.axe. 
increases. Tliat the center of pressure should be Corwani of 
the mid position is fairly obvious from the above inenlionol 
phoUipraph. It is in tlie forward region of the plate that 
the plate experiences the most abrupt change* of direction, 
with cousequcntly the crentcst variation of pressures. This 
can be seen also from tlie diagram of ilistribution of pres- 


N'limeniiis efToil* have Imeii iiisdi' to lUwliicc expretsiom 
for lift and drag and for the inuliiiii of the center ..f pr». 
sure I’l-om tiieoretical conwdcmlioiii. Rut the only Inislwonkj 
values are those directly Inkeii I'niiii e.v|>erinieiiln! data eh. 
tallied by Eilfel aud otheiis whieli will be dcall witli Inter. 



Kii,. n. Mortox Ne.tK ,\ Ki-it I'l-tTK Inclixeo to 
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It may be stated heiv. to reiinive ii somewhat coniuioii mis- 
ciiiiception, that the resultant pi'cs.siire on a Hat plate is not 
licrpeiidicninr to the jilntc except lor a .-ertaiii liinilcit rsa^ 
of angles of iiiciilem-e. .U zero degree of iiicidciiee ilie le- 
Miltaiit pressure is Iht degrees behind the normal, rapidly 
npproaehcs the iiommi at small ancles, and shoots past it 
at III degrees, 


The Curtiss Wireless Speed Scout 


The new Cnnias plane limt is sliuw'u in the aeeutnpanyiijg 
illustrations i.s witlimit the propeller ami the stream-line cowl. 
In this maeliiiic. which offers ninny iiileresliiig features, the 
wing spread has been cut down to a ininiimini, tlie upper wing 
having a span of 21 feet 10 inches and the lower wing a span 
of 11 feet 3 ineiies. The wing section is similar to that of 
the Eiffel 32, with a thin rear spar. 

Resides tlie four sliort slnits between the upper wing and 
the fuselage, there arc uuly two inlerplane struts. These in- 
tcrplanc struts are of steel tube coiiatructioii, with wood 
spacers to give stream-line form. They are wnnected to both 
front and rear spars on both itlunex, One chassis strut comes 
immediately under the inler)>iane strut on each side of the 
wing to lake up stresses ou landing. The other is carried from 
the body to the axle. 

The inarhine is designed to carry do bracing w-ircs wliatever, 
the stmts actiug as eitlier compression or tension members. 


On the im-iiniiiiury teste iliiw briiciiig wires were used os 
eitlier side, mic n drift wire curried forward to the fuselage. 

Tlie net weiglil of the miivliiiie is 803 pounds, with a 100 
Iiorse-jiower O.XX 2 motor. Tlic m-ont was tinied by the Car- 
liss t'ompaiiy over a ineasmxxl mile, covering it in HO scioiids 
oue way and 31 seconds the other, giving an average s(ieed al 
lia miles )ier lioitr. When seen in flight, the machine gave ibe 
appearoJice of being niiilcr easy control of tlie |iilo1. and Ibe 
landing was a very easy oue. It is jmssihlv that a slifrlK 
dihedral of tin* two planes might inci-eaiic the lateral stability. 

When iluwii withiml bracing wires, in aeeoixiniice with tbe 
engineers* design, it is pnxticled tlml a sjiecd of 123 miles per 
hour will be attained. 

tiiieh a t.vpe, if further use eoiitimis its reliability, will 
mark a nnisiilerablc ilcvclu|imciit in .Vinericiin ciiiii.lniiiii», 
•VUImugh no provisitiii has been made for gtin csiryiiig. this sill 
be inissible with slight inoiliHcnIioii in the design. 



The Hall-Scott. Type A-7, 90-100 Horse-Power Aeroplane Engine 



To meet the dcinand for n simple and dopimdable en- 
fur use in training schools, on scout iimcliiiics aud 
by sportsmen, the Hall-ScoH Motor I'ur Coiiiiiuny. liu-.. 
gen Krancisi'o. Cal., has ilesigiicsi a new foiir-cyiinder aeixi- 
ploiir Miaiiic Hull Ls rated at Hit to 11)0 hiiiae-iiower. 
This moior. which is known 
s Tyjic >s BX|icclcd by 
Uie luniinl’avliirer to meet 
jscli deiiiiiiid ai)ci|iiuLely. 

Oue of tlic iidtaiilages 
dsiaieil for this engine is 
(bat it elirriinntes at Iciisl 

parts necessary, for (he 
fight-cyliti<ler motor of the 
V-lype. In order to keep 
the weight down in the regu- 
lar eighl-cyliiidcr engine 
nisi pails, smli as craiik- 
diafls. rriiiik-cases, cyliii- 
dcis, cylinder Jioidolowii 



The Ccbtiss Wirelbss Speed Scout 
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lo be exireuiely low for llie liori»e-|ioKer (1fvelu(iMl. Tlie fol- 
lowing <]»ta is reported from ilie latest Marlin “TT" Array 
Ivaetor etiuipjied with the Hall-Seolt ty|>e A-7 power-plant: 

I'lho pouDdi: load, 2.400 feet 30 utnutee. 

OAO pAUDtIs load. 5,«MK) feet So oitouiee, 

OrOi (wiutHle li>ad, 10.4«s: feel roi mluule*,. 

OSU poaods load speed averaae laversfe lakea In.io tmir fllalilsi, Td 

1'ooaumplloD ganoUae, fi gallons paw 1 hour imd 10 iiilaures, 
l^oDsumptlun irfl, % aatlon per 1 hour ami X.' mtnulea. 

Avefsffe reeoluttons per mlBuIr of ma>tur. l.STO. 

The following details regarding this engine are iililaineil 
from the speeifieatious ie«ue<< by tlie inamifaelnrer ; 

_ Sues . — The engine has a bore of .) inidies and a stroke of 


lions execpliiig one outside oil pipe iiiiioii. so that llie c•ollneft. 
iiig rod* and oilier working [uirts ran readily be iaspeeled. Aj 
extremely birge Klraiiier mid din traji is loentetl in (be eeniir 
mid lowesl point of llie ease, wiiieh is easily lemoveil from lit 
outside witliuut disturbing Ilie oil tuimp or any n-orkiiig parts 
('arhurrlion.~\ Zenith enibiiretor is [irovideil. Antoqiatit 
valves and springs are absent, niukiiig tlie ndjiislmeiit ainink 
anal efneieiil. This rarbiirelur is not affei'leil by alliliiile, \ 
1ioll-S<X)It deviaw>. eoverihi by jiatenl. sllows ilie oil to lie lakn 
lUrert from tbe enihk-a*nsi* imd run ariMiml the eai'lnimof 
iiiauifolal, wliieh assists enrlmretion as well as i-e<liires emnt 

C/liirliMj/ t’roii*-. — The sinning emnk is uimiiileii in .i axHH- 
paet aluminum housing seenrely bolteil to miiiii emnk.tAie 
thus forming an iiiiogml |>ari of tbe uiolor. 

(ri'tiri. — All gears, with llie exea'plion of llie two bronie oS 
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CyIi»rifTt . — Koiir eyliiialers are east se|inratelv from a spe- 
eial mixture of semi-steel, having eyliiider bead with valve 
seats integral. Sjieoial attention lias been given to the design 
of the water .iaeket around the valves and bead, there being 
2 inelies of water spare above same. 

The eyliniler is annealed, rough tiiarliiiiod. then the inner 
eylinder wall and valve seats haniened and ground to mirror 
finish. Tliis adds to the durability of tlie rylinder and dimin- 
ishes a great deal of the exeesa frirtion. fare is taken in the 
easting and inaehining of the eyliiiders lo liave the hore and 
walls rourenlrir. Small ribs are east helwpeii outer and inner 
»'alls lo assist rooling as well as lo transfer stresses diveel from 
the e.xplosion to hold-down bolts wliieli ran from steel nisin 
bearing i'a)>s to top of cylinders. 

The oylijicTers are niaeliiiied upon the shies so lliat when 
a>«erabl^ on the rrank-ease with gr«H>ved liold-down wa-«liers 
lightened they form a solid blork. greatly assisting the rigidilv 
of rrank-ease. 

All eyliiiders are Hiiislierl with dark blue baked enamel. 

f’o»Nrr(i»g ATorfa. — The eonneeling rods are very liglil. being 
of tlie I-beam ty(ie, milled from a solid elmime niritel steel droji 
toegimr*. The eapa are held on by two 'g-i'ifh 20-tliread 
chrome niekel Ihrougli bolts. Tlie rods are Hrsi rougherl out. 
then annesled. Holes are drilleil. after whieli the rtala are hartl- 
eiied anil lioles ground )>aral1el with each other. The jiiston end 
is rlttei] w'illi a gtin metal bushing, while the erank-)iin end enr- 
ries two broiirs? serrated shells, whieli are titiued and babbitted 
hot. being broaelied to luinlen the babbit. Between tlie eap and 
llie rod |iro)ier are (ilareil laminated shim.s for adjustment. 

Craiik-t'a/ir and — Crank-eases ore east of alnmi- 

naiii alloy, hand serajieil and sand blaslet) inside and out. The 
lower oil ease eau be removed wiiliout breaking any connee- 


piiiiip gears, are of ebi-ome niekel steel, tiinieii up fraiii ex- 
liemely light forgings, with iilnmsl teelli. are then hardennl, 
Ihe hore and fares being gronrid Inie. .\ll geni-s. when- poe- 
sible. are boiled to Manges nr made integral wilh stiafl. All 
gears are enclosed and mil in nil bath. 

.1/a.0"< lo« — Two waterproof foiir-eylinder Splildorf "nUif" 
magnetos are provhM, Rnlli magneto iiilerrnplors are eon- 
iieeied lo n riH-k shaft inleginl with the iiioior. nmking onlsiifc 
euiiiieelioMs imneeessary. Witli an independriit donhlr map* 
iielo system, one niagiielo eaii lirc*ok ilown wiilioiit interfering 
with Hie artioii of llie mnlor. 

Pijiliiii Anirmhti/. — The luslons are ea.»t from lynite. T!ie« 
are extremely light, yet provided wilh .six deep i-ibs under tbe 
arrli head, greatly aiding the eisiliiig of the piston ns well u 
slfengtlic'iiiiig it, The [listmi pin bosses arc* Inented verv low 
in order to keeji Ihe heat from the piston head away fmiii the 
iijilier end of the eonneeling rml. as well as lo aiTiiiige llten 
at the jioiiit where (he piston Ills Ihe eylinder liesl. These 
tnsTims are fitted wilh Ihiee rings I'l ineh in width, ,\ larfie 
ilianieter lieal Irenleil ehmiiie uirkri steel wrist juii is jiravided. 
assemhled in sueli a way as to assist tile eimihir rib iietpeen 
the wrist jiiii Itosses lo keep Ihe piston I'runi being distorted 
from the explosions. 

ruling Sgslrm. — Tlie oiling sy.stem is the high jii'essure type, 
nil being forced to the under sirle of Ihe main hearings with 
from 5 lo HO i>ounds piessin-e, Tliis system is not afTeeleil by 
extreme angles ohlained in llyiiig, or by use of the motor in 
Iraetor or jmslier maehinea. 

A large gear piitnj) is located in the lowi'st point of (lie oil 
sump, and being snlnnergeil at all times with oil. does away 
wilh Iroublwsome stulling boxes and rlieck valves. The oil is 
first drawn from the strainer in oil sump to the long jaekel 


•round (he intake imiiiirnUl, then forced to Ihe main distributor 
pipe ill **i'iiiik-ease, which leads to all main bearings. 
Ijf.pses. loi'nled at one end of the distriliotor inpe, can be regti- 
Uled to 1‘fovide any pressure required, the surr*lus oil being 
returned to the ease. 

Independent of this system, a small direct drive, rotary oiler 
feeds oil lo each individual eylinder. being regulated by the 
of the engine. Haud adjusted sight feed allows addi- 
lioosl regulation. A feature of this system is the dirt, nater 
ind sediment trap, located at the bottom of the oil sump. This 
nui be removed without disturbing or dismantling the oil pump 
or Biiy oil pijies. 

A aniall oil pressure gauge is provided, which can be rmi to 
the aviator's iiislnimeiit board. This registers llie oil prossura 
ujd also determines its eirculalion. 

Cooling Kgnlom . — The I'unliiig of this motor is ni*eom]diabed 
by tbe oil os well ns the water. This is done by eirculnliiig the 
oil around a long intake manifold jacket; the earbtirelioii of 
Bisoline rools this regavillcsa of weather eondilions. Cruiik- 
nse beat is therefore kept at a miiiitmitn regardless of weather 
conditions. 

The naiforni temperature of the eylindei-s is inaintaincil by 
llie use of ingenious internal outlet pipes, running through the 
bead of each of tlic six cylinders, niblier hose enmieelions 
being usetl so tliat any one of the cylinders may be removed 
wilboiit disturbing Ihe others. Slots arc cut in these pipes so 
that cold water is drawn directly arouiul Ihe exhaust valves. 
Extra large water jackets are provided upon llie cylinders; 
2 inches of water spare is left above (ho valves and evHnder 
Iwads. The water is eirnilatcd by a large eeiilrifligal pump, 
insnring amide etrenlation at all sfieeds. 

Cronh'-lihttfK — The erniik-shaft is of tlie seveii-henriiig tvpe, 
beiap machined from a special heat treated drop forging of 
nickel steel; Hist drilleil. then roughitd out. After this the 
jlisti is slniighleiied. Iiinieil down to a grinding size, then 
rroand ueeurutely to size. 

Tlie hcnriiig surfaces are of large size, over-size, eonsiderins 
seneral iirneliee ill the building of high-s]>eed engines of situi- 
lir bore and stroke, Steel oil scuppers arc pinned and sweated 
OBici Hie webs of the shaft, whieli allows of properly oiling 
ibe eumieeliiig rod bearings. The ernuk shaft bearings are 
2 inches in diameter by 1 1.7/lfi inches long, exeepling the 
rear main bearing, whieli is 4®s inches long, and front main 
beariog. which is 2 H/10 inelies long. 

Two thrust bearings are iiistiilled on the projieller end of the 
shaft, one for pull and the oilier for tlinisl. The propeller is 
liriveii by the ernuk-shaft Range, whieli is securely liehl in 
glare iipiin the shaft by six keys. These drive an inside pro- 
peller Mange, the propeller being clamped between them bv six 
Ibroiigh Iwlls. The flange is fitted lo a long taper on erank- 
fhaft, Thi.s enables the (iropeller lo be removed wiihoiil dis- 
turbing the bolts. 

Timing gears and starting ratehels are holle,! to a flange 
lumeil integral with shaft. 

Cam~Shafi . — The eam-shuft is of the onc-|iieee type. cams, 
air pump eeeeiilrie, and gem- flange being integral. It is made 
Irom a low carbon spetually beat treated nickel forging, is 
first rongln-il onl aiicl drilled (be entire length; Ihe cams nve 
then formed, after which it is ease hardciteii and ground lo 
sue. The eain.sluift lienrings are extra long, made from Par- 
son’s AVIiilc Brass. .V small elntch is milled in gear end of 
abaft to drive Ihe rei-oluticm indicator. 

The eaiii-shaft is enelosed in nn aliiminum housing bidted 
^ireelly on top of all four eyliiidci-s. being driven by s vertical 
sliafi in eoniieelion with bevel gears. This shaft, in eoiijnne- 
tion with rocker amis, rollers iind oilier working parts, is 
oiled liy forcing tlie oil into end of shaft, using same a.s a dis- 
tributor. allowing the surplus supply to flow book into the 
erauk-eosc through hollow vertical tube. This supply oils the 
ma^elo and pump gears, 

I'ltlrrx. — Kxlieuiely large tnti^leii valves, being oiie-linlf 
Ite eylinder diameter, arc seated in the eylinder heads. Large 
mametpr oil tempered springs held in tool steel eiijia, loekeil 
auth a key. are jirovided. The ]iorts arc very large and shovl. 
King desigiied to allow Hie gases to enter and exhaust wilh 
'be least possible resiatanee. These valves are operated by 
overhead oiie-jiieee eam-sliaft in eonncetioii wilh short chrome 
nickel rocker arms. The.se arras have linrdened tool steel roll- 
ers on enm end. wilh hardened tool steel adjusting screws op- 
posite. 1'his conslniction allows accurate valve timing at all 
Sjieeds n iih least possible weight. 


.l/r-/'«ni/j. — -k power driven air-pump to maintain air pres- 
sure ill gasoline slorage lank is jirovided on this engine, driven 
direetty by means of enm formed iiitei^tral with eam-shnfc. 
.b hand air-pump U also pixividod. so that air pressure may be 
obtained in Ihe gasoline storage lank before Ibe engine is 

.1 1'rcssorrVs. — Kleven sjieeial wrenches, two oil cans, two 
knife Kwitelies, eight propeller bolls and nuts, gasoline line 
diii Iraji, eam-alisft auxiliary oil tank and pump, dash oil 
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sight feeii. air and oil gauges, bond air-pump, with flexible 
tubing lends. tw*o block radiators for installation either side 
Ilf acinjilane fuselage, iind laniinoled walnut jiroiicller, are 
supplied wilh each engine. 

ireig/i(. — The weight of this engine, complete, ready for in- 
stollalinn in aeroplane. 410 poniids. 

Capitcify. — This engine will develop 90 lo 100 liorse-powei- 
at a speed not greater than 1.400 revolutions per minute. 

Special Filtitige . — Revolution indicators, wilh &-foot flexible 
ilrivc shafts, ami exluiust manifolds, designed and built to suit 
requii-pmenls of engine iuslallalion in dilTerent style planes, 
cun be supplied. 

lYilhout niiy startling innovations, the uiutor seems to he 
of a simple and reliable tyjie of design, and it will be intercst- 
iug lo watch its employment on the type of machines for 
ivliieh the makers intend it. 

It may possibly be more useful on school machines 
than on high speed scouts — not because of lack of 
rehability or cfllcieney of perfonaance, but because of its 
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MODKI, AEROPLAISES AND THEIR MOTORS 

By <>«or|EB A. CavaitBsh 
VanI A Compaoy. I’rfca P|., 

Tlip niilli»r Ima mixleallj- aii»i(l«1 this volimia “a |irnplionl 
l>4Kkk for iM'ffiriiiri'a," Ii ia so Ihoniticli and rooi|>rohpiisivs 
and x> rarafiilly ariltoii ns In cni-litiiK- nlm.wt n standard 
lpxl‘lHH)k of Ilia snhjwt — this li*rrit'\'iiie wonl. howavcr. belies 
the rlenr mid siiii|ilo style whirli is found IlirouBlionl. 

The niilhor befriiis with n history of niiMlel work. The yem 
lyor flrst saw motlel aero)>lauinir intvoilueed in Amerien as n 
»|>iirl. under tlie auspices of the New York Mislel Aero (Tub. 
.‘SkelehiiiK the extremely mptd development of the spcirl sines' 
that dnic. iiiejition is iiimle of llie world's rwont for distnnee 
for haml lauiiehed moilels whiidi has been broken by Thonius 
Hall of ITiicajro. aii Illinois AIndel Aero Club member, with a 
flicliL of 5,337 feet. 

A vety useful temleiiey of loiter day prnelice is to etinslniet 
model flyers more closely resemblins larec niaeliines, driven 
by I'ompresRed air, steanr and uasoliiie power [>laiits. Surli 
mmlels. not merely “ ftyin)E slieks," should serve to throw lishi 
on aetual eonstruction and cease to be merely iiileresliiip toys. 

The section dealing with constmetiou is nutJioritative ancl 
tlioroilgh. Very elear sketches and full, workmanlike instruc- 
tions are jriven for the constnictioii of pi-opcllers. wings, 
frames, and for aasembling. wliiidi can l>e safely followed by 
any model rtuistructor. Tlic hints on launching are likely to 
save llic beginner a goo<i ileal of trouble in Ida early work. 

Cull inromialioM is given both on compressed air motors, 
such ns the Wise, the Schober-Cuiik three-cylinder, the ScIioIk'v 
roiir-cy limlcr o[>posed motor, and on gasoline motors, such as 
the Jopsou Midget aero gasoline motor. Steam power plants 
are also described. 

A mimlier of world reconi models arc illiisirnled which will 
serve as uiwful examples for the amateur coiistriietor. The 
Dirlionary of Aeronautical terms and the getiemlly somid 
Irealmeiil would also help n reader who ivislies lo proceed 
later to a tiiorc serious study of the art. Kn>m the pnrelv 
toislel point of view no lieller book could be selected by the 
bcgiiitiei'. or even by the experiettced model worker, who wishes 
lo have a handbook as his statidbv. 


AIRCRAFT IN U AR AM) PEACE 

By William A. Rob„on 

Conveying in mm-lwhniriil language ti general idea of the 
condilioiiK of aircrufl work in the wnr. tliU work also in- 
diijilcs the eliief dtrertioris in which develojiineiit is heitig mailc. 
The volume tells of war with airoraft. mid wluit the Hrilish 
have ticcoinplished. A cliapler is vlevoted to the Hviynl Flying 
Cotfw am] the Koyal Xaval Air Service- Tlie sniijeets of 
scouting in the air. air raiding, the airshiji vs. the aeroplane 
nre enrel'nily- treated. Types of aircraft in use are descriltcd. 

The second part of the volume is devoted to telling how an 
aviator is trained and to tlie making of aeroplanes which is 
deserilvdi at leuglli, In Part 111. the fuliire of civilian and 
military aerotiaitlics is looked into. The author aiittfijmtps 
that civilian ami military flying will incvitnlily [>art compntiy 
becatisc of the dilTereiit objeel.a to be attaitied, ’ The se|ianitioii 
will lake place Irecause of the vliireretit designs in ttiilitarv 
aeroplanes and those coiiatrurted for the variotis civilian uses. 
He thinks lliat in the future tiiilllary machines of nesriv all 


Ivpc,. will he as vsvsetitinlly vlisliiict from civilian aerc.plan* ' 
as iiiiviil shii« are from tnerciintilr or plciisnie vessels. 

.\nli-aiivnifi guns which Ivi-diiy nre v'cnisidereil alnnrsi banj. 
less at titties and at otlier tiiiics deadly to tbe extrenie a. 
vvlieii fully tlcvclopcd. bceome as ilangcrmis to acmiilniics. e 
the aniiorv'ii luies. ns the itnnlem siege gnu is to n fort. 

It is niilicipnicd tbnl Iliere will be n great ilcniuiul fat 
(•Icasmc ncrviplniies wben tbe coat is hronglit down to be wifSa 
tlie incnns of lliose wlio can now alTonl to boy chca|i priest 
nutomobilcs. _ 

ZEPPELINS AND SI’PER.ZEPPEI.INS 

By R. P. Heanie 

Tliis is nil excellent volume, very well ilhistrafod. Et 
lirely popTilur in character, it gives ncvurnle nnd simple ei 
plimations of the main dirigible types, nnd disciiascs in rk 
ineninr.v fi'nii •iiications of displneemcnt. hnoyancy, ami varia- 
tion of Inin.vnnry with lieiglil. The liniiialioiis of the Zep- 
|u‘lin. its nction in warfnrv*. its radius of nctiun ontl enclvg- 

of its development. 

Stipcr-Zeppeliiis of speeds of over 100 miles an hour, wilb 
more giiu-firing eapacily. nre ndvocateil as the beat defniK 
against Zeppelins, in |jrcferenec to areo|danes. The Brilirt 
nre brought to task for not developing tbe type in a way 
whirli miglit be ajiplieil to America. Tbe origiiinl idea of a 
rigid ship is nllribiiCed to it Kmiehman named Spiess. froia 
whom Zeppelin is said lo have got Ids Nnit plans. 

AIRCRAFT IN WAR 

By J. M. Spaighl. LL.D. 

This bix>k. written IiePore the wnr. is of course of a proplielie 
nature as reganis the actual Ivcnring of aircraft in warfare ot: 
international liiw. Tt is, liovvcvcr. the work of a man llior- 
ouglily verseil in legal iiiallcrs iierlaiiiiiig In waiTare. with a 
sound kinivvlevige id' the ronalnicliini and militaty iKWsibiiitiea 
of nimafl. Sneli interesting i|iiesliims nre dealt w' 
elides |im|Mised by M. Fiiiiehille. by M- Kdoiinrd d'llnogbe, 
presivleni of the I niernuliiinal .IndieinI Comniillee td' .Vviaiico. 
nmt Olliers: legislation at the llngue: sovert-igiitv <iii freedoia 
of the air: belligerent entry of neutral nlmoB|dierv' : dislin- 
giiisldiig marks for ntiviafl mol their r 
lion nnd tiesi rnetioii of privnle, i 
relnlioii of aerial bivv to existing ci 
Inos of* land and iimiilime wn 
and siinjile style, it sbonlil he of 
III ilte leunl nspeels of wnrfnre i 

Aeron<uilii*nl l\ilcnls 


seizure. cniiHsea- 
1 iieiilral nimafl; 
IS : ininliMcalion of 


inlntnu binttllvnllnsl srntitllty. 








The Wright-Martin Merger 



Qlbnn L. Mahtiv 


Aunouneeuient is made by the Wright Company of its 
merger with the Ulenn L. Marlin Company of Los Angeles. 
This new consolidalion will he knnwn as the Wriglil-Martiii 
Aircraft Corpnration. incorporated tinder the laws of the State 
uf Xew York, with $5.01)11,000 seven per cent, eninnlative con- 
vertible iireferrw) stork uml .'■0(1,000 shares of common slock 
with no par vnlne. Kslwnrvl M, Hagar. president of the 
Wright Comjian.v, will he |iri'»ideiit of the new eoneeni. Glenn 
L. Marlin and C. S. .Teimlsuti will be viee-t>resideiits. 

Umler the arrangement theix' is acquired the organization 
headed by Cltenn L. Martin, which has in aetiv'e ojieration a 
Ixis Angeles i>laut turning out 10 aero|danes a month. Mr. 
Martin will devote his entire time lo the aeroidane deiiortinenl 
of the new coQj])any, The Wrighl-Mailin eom|)any takes over 
the Wright Company, wdiich now owns all the Wright fiatents: 
the Sim|ilex Automobile t'om|vaiiy and its |ilanl. tlie stock of 
the Wright Flying Field. Inc., ami that of tlie General Acixe 
iiautie Company of Aineriea, ine.. which bandies (be foreign 
tinstne.sA of live Wright Comjvany. 



The Murtiii jduiit ut Isis Angeles will eonlimic to be oiier- 
sted and a large fuetury will be erected in the Favst in the 
vicinity of Sew York. Tlie factory of the Wright Company 
at Dayton wdll eoutiiine its ex)ierimeiital work. The Simi'lex 
(ilant at New Hriniswick has been rev-ently enlarged and new 
buildings nre still in cniirse of erection. Tbe shu)>8 are tillevi 
with the HiiesI imvebiiiory piiidiieed by tnoilern designers, and 
tbe jilant is rviia}dele and n|>-to-dale. Twenty-two 1100(11*011 
tneii are at jireseiit emjdoyed on the new aviation engine and 
on Simplex ears. 

A eiiniplele leehnieal labiiralory has been v>|ieniting at Xew 
Brunswiek for some months, where elaborate tests are enn- 
durted on steels and other inelnls entering into eonstriietioii 
of the aero mid automobile engines. The Wi-ight flying field 
U Ht Mineola. Lung Island, where fllin acres uf the Hem|isteud 
Plains are under Uiase. The I'nited States Government now 
occupies fifteen of (be twenty aerntilane sheds at the Wright 
flying field for training of aviators and tbe testing of inaebines 
for Army use. 

To view of the demand fur a high-class reliable aeronaulie 
motor tlie Wright Coui|iany ileeidevi lo man-ifneliire its own, 
and to this end it neqitired eontrol, sume muiillis ngo, of (be 
Sim]dex .\nlomobile ('oinf'aii.v. long linildera of bigh-grnde 
autoiTKibiles etjibodying n slunvlaril uf work euijijuii'nhle oiily- 
s'ilii the work neres-sary in a modern aeronaulie motor. It is 
ahsuintely eswiitial I hat such a |>lant biive its own facilities 
and expensiv'c s|ieeinl niaehinery to ]irodiiee (he prviper <)imlity 
for a iiimleni iiiolor nf the higliesl tyjie. The company has 
gone even to the uxteni ot creeling its own |nilleni shop and 
Ccniiidries hir the easlitig of iron, alnminiim and brass. The 
eaiiaeily ul' tiie new plant will he over n niilluin dollarti n 

-\s a |isrl of its iilniis the Wright t'otnpany secured last 
year the exehisiv'c riglit lo nmnnfaetvire the Hisjiano-Snixa 
aeroiiiolor in this country. The ilispaiio-Sni/n is reeognized 
as tim* of the best foreign types, the Frenrh Govertiuteiit hav- 
ing ]iloeed orders for as iiiaiiy as l.SIXl nf these ut one time. 
It weighs but 303 jioimds and is ralevl at l.'iO horse-power. 
Deliveries are about to begin on one oriler of 4.30 of these 
motors from the New Brntiswiek faetory tor the French and 
Russian goveriimoiils. The first motor has lieeii testevl ami 
production in i|uatitilies will begin at once. 

The Wright Company was original}* orgoiiized in HKH). with 
a eapiial stock of $1,000,000. by Wilbnr anil Or\*iIle Wright, 
the diseovereni of linmaii fliglit and (he first lo |>roduee a 
|Hi»*er-ilriven nero|>lnne, six years after their first sneeessfnl 


experiments. In 101.5 the eomimnj was sold to a syndicate 
lieaded by William B. Tliomi>son. Harry Payne Whitney, 
T. Frank Manville and others. The Simplex Automobile Com- 
]>any was also pnrehnsed and the capital stock was then in- 
ereased to $5,000,000. Orville Wi*ight was retained and now 
continues in a eonanlting capacity. 

In March. 1016. Edward M. Hagar. formerly president of 
the Universal Portland Cement Company of Chicago, a sub- 
sidiary of the United States Steel C'ori>oi*alion, was elected 
jiresident of the Wright Company. The present directors of 
the Wright Com|>any consist of the following: F. \V. Allen, 
Fred W. Adams. Henry M. Crane. T. Ciiadboume, Jr., 
Harvey D. Gibson. David M. Goodrich. Edward M. Hagar, 
C. S. Jeimison, Hem*}* Imekiisrt. Jr., T. Frank Manville, S. F- 
Pryor, Henry R. Sut)ihen and Harry Payne Whitney. Among 
the |irineijial stockholders nre William B. Thom)ison. A. H. 
Wij^ns, William E. Corey, Percy A. Rockefeller, ,\mbroae 
Moiiell, I'l C. Converse, f. H. Sabin. John D. Ryan and Henry 
R. Carse. 

Glenn L. Martin is one of tbe pioneers of aviation in 
America. He began in lOOf) experimenting with aeroiilancs 
and laugli himself lo fly, as havi> so many of the famous flyers 
of earlier liislory. In IfllO he was a eouKtraetor and Ihrongli 
sheer merit. iiandieap|>ed by lack of proper financial resources, 
forced his reimtatioii to the lop noleli. Ho has a record of 
liaving manufaelni*eil a eom|>aralively large number of acro- 
jilanes of various types for the I’nited Stales Govemmeot 
without a single serious accident to pilot or passenger in any 
of these maeliiues. althougii continually in use by olfleers of 
the Signal Corps. 

Orders now* on hand by the Martin oomi>any are for the 
I'nited States. Holland und Notlierlands F.ast Indian govern- 
ments, Three ty)ies are being prodneeil: a light two-man 
reooiiuaissanee tractor, adojited for training work in tlie Signal 
Corps; u fast two-place tractor, carrying a nsefnl load of !)00 
tiunnds. with a speed range of 40 to 80 iniU's an hour, fuel 
caiiaeity for six hours uiid a climbing ability of 3^00 feet in 
ten niiniies; and a txvo-plaee tractor sea[>lane, used in the 
Philippines and the Coast Patrol. 

To enable the Wright Company to finance this merger w*iib 
the Marlin eompany and the Simidex Automobile Company, 
to complete its own and its subsidiaries' constnu'tiiin work 
and discharge loans nimle on account thereof, nnd to furnish 
the requisite working ea|iital, about $4,000,000 will he re- 
quired ; $1,800.0011 foi* fixed assets and $2,200.01)0 for work- 
ing capital. 



With the Aero Clubs 








Pliv:«ioIogi<'aI Tests for \ationaI Guard and Naval Militia Fliers 
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Goodyear Balloons 


The Goodyear Ti 


d Hubber Compttny 


AKRON, OHIO 



AVIATION 




GENERAL AERONAUTIC COMPANY 

A New Jersey Corporation 


MANUFACTURERS OF 

Monoplanes Biplanes 

Sea Planes Flying Boats 

Aeronautical Engines 



NEW YORK CITY. N. Y. BLOOMFIELD, N. J. 


Eaisterri 
Flying School 

Conducted at 

Sheepshead Bay Speedway, N. Y. 

AERO CLUB LICENSE GUARANTEED 

Flying in^lniction gi\cn studcnls li>' roniprtrnl Aviator, 
daily and Sunday, bettKTCn sunrii^c and siinrci. |30 II. I*. 
motored EASTERN Military Tractor Biplane, equipped with 
dual controls, used. 

All students are rerinttted to attend laeiory' daily or three 
evenings a aeek to receise training in aeroplane design and 
construction and to become familiar aith gasoline motors, in 
order to become competent aviators. 

Information on request 

EASTERN AEROPLANE COMPANY, Inc. 

J 251 E>eKalb Avenue "eactaSi?' 

Bushwkh BROOKt-VN, N. Y. Nsw York 


CELESTRON 

Aeroplane Cloth Varnishes 

Made from Cellulose Acetate 
NON-INFLAMMABLE base 

CELESTRON 
SHEETS and FILMS 


Transparent NON-INFLAMMABLE - - Walerproaf 




Chemical Products Company 


93 Broad Street 


Boston, U. S. A. 
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Selected Books on Aeronautics 









Any of the above books will be sent on receipt 
of the price, plus 10% to cover delivery charges. 


The Gardner, Moffat Company, Ine. 

120 West 32d Street, INew York 



